Background: Although recent studies have investigated the influence of vitamin D on sleep patterns, there is a lack of research on the relationship between vitamin D and sleep patterns in Korean workers. This study focused on the relationship between serum vitamin D levels and sleep in fixed day indoor field workers in the electronics manufacturing industry in Korea. Methods: The 1472 subjects who were included in this study were selected from fixed day workers in the electronics manufacturing industry who had received a worker's special health examination at a hospital in Changwon, South Gyeongsang Province between January 2015 and December 2015. Nighttime workers and those who showed symptoms of depression were excluded from this study. The sociodemographic and lifestyle variables of the participants were investigated, including age, sex, marital status, level of education, body mass index, smoking habits, alcohol consumption habits, and regular exercise. Work-related factors were evaluated, such as employee tenure and occupational stress. Serum 25-hydroxyvitamin D was measured as an indicator of vitamin D levels, and quality of sleep was evaluated using the Pittsburgh Sleep Quality Index (PSQI) translated into Korean. Results: The subjects had a mean serum vitamin D level of 13.70 ± 5.93 ng/mL. Vitamin D deficiency, defined as a serum vitamin D level of <10 ng/mL, was found in 24.8% of males and significantly more frequently in females (47.6%). Poor sleep quality was reported by 19.8% of participants with serum vitamin D levels ≥10 ng/mL and by 21.7% of those with serum vitamin D levels <10 ng/mL, which was a significant difference (P = .007). Multiple logistic regression analysis adjusting for significant variables found that poor sleep quality was more likely in those with vitamin D deficiency than those with higher serum vitamin D levels (odds ratio = 1.36; 95% CI, 1.01-1.82). A comparison of serum vitamin D levels and PSQI components showed that the mean scores for subjective sleep quality, sleep latency, and sleep duration were significantly higher in the vitamin D-deficient participants, indicating that the vitamin D-deficient participants had poorer sleep quality. Conclusions: This study investigated serum vitamin D levels in fixed day indoor field workers in the manufacturing industry in Korea and analyzed the relationship of vitamin D deficiency with sleep quality. A significant correlation was found between serum vitamin D deficiency and poor sleep quality. Based on the results of this study, sleep disorder management for workers can be improved by providing regular examinations checking their serum vitamin D levels and supplying vitamin D to workers with serum vitamin D deficiency to enhance their quality of sleep.
Background
Vitamin D deficiency has become a worldwide problem, is increasing in prevalence [1, 2] , and is found in Korea as well. A study on serum vitamin D deficiency in Koreans [3] that analyzed data provided by the Korean National Health and Nutrition Examination Survey (KNHANES 2010 (KNHANES -2011 reported that the mean serum vitamin D level in Koreans was 17.38 ng/mL, which is lower than has been reported in other countries: the population mean in the United States was found to be 22.08 ng/mL based on the National Health and Nutrition Examination Survey data [4] ; the mean in Canada was 27 .08 ng/mL, according to the Canadian Health Measures Survey [5] ; and the mean in Japan was 22 .80 ng/mL, based on a study conducted of serum vitamin D levels among the general population [6] . Vitamin D deficiency can occur due to spending a large proportion of living or working hours indoors [2] and as a result of sunscreen use [7] ; additionally, serum vitamin D levels are known to vary according to age [8] , race/ethnicity and skin color [9] , season, altitude, and latitude of the sun [10] .
The synthesis of vitamin D mostly takes place on the epidermis of the skin when exposed to ultraviolet radiation [11] . Vitamin D mainly functions in the intestinal absorption of calcium and phosphorus [12] , and is essential in maintaining healthy skeletal development. Without enough vitamin D, the risk of osteoporosis and bone fractures is elevated, and vitamin D deficiency may cause rickets in children or osteomalacia in adults [13] . Not only is vitamin D widely known for its role in maintaining skeletal health, but studies have also reported it to play a role in cardiovascular disease, high blood pressure [14] , diabetes [15] , and obesity [16] . Furthermore, studies have revealed connections between abnormal vitamin D levels and other non-skeletal diseases such as abnormal cell proliferation and differentiation, tumors [17] , and immune system modulation [18] ; thus, vitamin D is very significant from a clinical and population health perspective.
Recent studies have focused on the less commonly known roles of vitamin D, such as its influence on sleep. The mechanism of vitamin D and its effect on sleep is likely to play a major role in the brainstem, which controls sleep. This hypothesis is supported by evidence of vitamin D receptors in parts of the brainstem [19] . Sleep disorders have rapidly increased in some developed countries [20] , and the number of sleep disorder cases in Korea is also increasing. According to an analysis of the recent 5-year data provided by the Korea National Health Insurance Service on medical expenses spent on sleep disorders, a 57.5% increase took place in the most recent 5 years, from 280,000 persons in 2010 to 450,000 persons in 2015, which confirms that sleep disorders have become a serious health problem for Koreans [21] .
Previous studies on the correlations of serum vitamin D levels and sleep duration have been conducted in Korea using KNHANES data collected between 2010 and 2011: one focused on individuals 19 years of age and older in the general population [22] , and the other concentrated on the elderly population 65 years of age and older [23] . Although these 2 studies showed a difference in degree, they both came to the conclusion that lower serum vitamin D levels were associated with a significantly higher risk of short sleep duration.
To the knowledge of the authors, no research on possible correlations between vitamin D levels and sleep has yet been conducted on Korean workers. Their work environment, which involves indoor work during the day, could give them less exposure to sunlight, thus making them more susceptible to serum vitamin D deficiency than the general population and potentially more likely to experience sleep disorders caused by work-related factors such as occupational stress. It was hypothesized that research on vitamin D levels and sleep disorders in workers would show different results from those reported in previous studies conducted on the general population. This study aimed to investigate the relationship between serum vitamin D levels and sleep in fixed day indoor field workers in the electronics manufacturing industry in Korea.
Methods

Subjects
A total of 6316 indoor field workers in the electronics manufacturing industry who had received a worker's special health examination at a university hospital in Changwon, South Gyeongsang Province between January 2015 and December 2015 participated in this study. Ultimately, 1472 participants were selected to be included in the study after excluding those affected by exogenous variables (It is possible to reduce the internal validity of the study as a confounding variable that affects dependent variables.), such as nighttime workers (n = 4578) and those who showed symptoms of depression (16 points or higher on the Center for Epidemiologic Studies Depression Scale; n = 201), as well as 65 participants who had missing values in their examination results or data.
General characteristics
Sociodemographic and lifestyle variables of the participants were investigated, including age, sex, marital status, level of education, body mass index, smoking habits, alcohol consumption habits, and regular exercise habits. Work-related factors, such as employee tenure and occupational stress, were also evaluated. The participants ranged in age from 19 to 39 years and were grouped by age as younger than 30 or 30 years and older. Their marital status was classified as unmarried or married. Participants were classified into 2 groups according to educational attainment: high school graduation or less and bachelor's degree or higher. They were classified according to body mass index as <25.0 kg/m 2 or ≥25.0 kg/m 2 , following the World Health Organization classification based on Asia-Pacific population standards [24] . Participants were classified by smoking habits as current smokers or nonsmokers (including never smokers and former smokers). Alcohol consumption habits were classified using the KNHANES high-risk drinking classifications [25] , with the high-risk drinking group classified as those who drank more than 2 times a week with an average of 7 drinks consumed in any 1 drinking session (5 drinks for females). Regular exercise habits were classified according to exercise intensity was disregarded, and exercise frequency was classified as ≥3 times a week and <3 times a week. Employee tenure was divided into <5 years, 5-9 years, and ≥10 years. Occupational stress was measured using the Korean Occupational Stress Scale-Short Form (KOSS-SF) [26] . The KOSS-SF is composed of 7 sections (job demand, insufficient job control, interpersonal conflict, job insecurity, organizational system, lack of reward, occupational climate) with 24 questions. Using the KOSS-SF median reference values, occupational stress was categorized into high occupational stress and low occupational stress. The research was conducted seasonally to account for seasonal changes in serum vitamin D levels; spring was defined as March-May, summer as June-August, autumn as September-November, and winter as December-February.
Measurement of serum vitamin D levels
This study measured serum 25-hydroxyvitamin D, which is the best indicator of vitamin D conditions in the body [27] . Specimens were kept frozen until they were analyzed using the electrochemiluminescence immunoassay method on a Modular E apparatus (Hitachi Co, Tokyo, Japan). Like previous studies [28] [29] [30] [31] , this study used 10 ng/mL as the cut-point for serum vitamin D deficiency, and classified subjects into groups of those with levels <10 ng/mL and ≥10 ng/mL.
Sleep quality
The participants' quality of sleep was evaluated using the Pittsburgh Sleep Quality Index (PSQI) translated into Korean [32] . This tool evaluates sleep quality during a 1-month period and contains 7 components: subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction. The scores for each component range from 0 to 3, with higher values indicating poorer sleep quality. The final sleep quality index is obtained by adding the component scores together. The total score ranges from a minimum score of 0 to a maximum of 21, and a higher total score indicates poorer sleep quality. As in Buysee's work [33] , this study interpreted a total score of 5 or lower as indicating normal sleep quality, while a score of 6 or higher indicated poor sleep quality.
Statistical analysis
Using the independent-samples t-test, the participants' serum vitamin D levels and mean scores for each PSQI component were measured. The chi-square test was used to analyze differences in the distribution of serum vitamin D deficiency and sleep quality. Simple logistic regression analysis was used to identify variables that showed a significant effect on sleep quality. Variables that were found to be significant were adjusted for in the multiple logistic regression analysis. SPSS version 21 (IBM Corp., Armonk, NY, USA) was used for the statistical analysis; the confidence level was set at 95% and significance level at P < 0.05.
Results
Subject characteristics
A total of 1472 participants were analyzed in this study. The mean serum vitamin D level in all participants was 13.70 ± 5.93 ng/mL. Of the participants, 813 (55.2%) were 30 years of age or older, while 659 (44.8%) were younger than 30. Males comprised 1178 (80.0%) of the participants, while 294 (20.0%) subjects were females. A total of 535 (36.3%) participants reported exercising ≥3 times a week, while 937 (63.7%) exercised <3 times per week. Current smokers included 428 (29.1%) of the participants, and 1044 (70.9%) participants were never smokers or former smokers. The high-risk drinking category contained 384 (26.1%) participants, while 1088 (73.9%) participants were in the normal drinking group. Of the participants, 524 (35.6%) had a body mass index ≥25 kg/ m 2 , while 948 (64.4%) had a body mass index <25.0 kg/ m 2 . There were 774 (52.6%) married participants and 698 (47.4%) unmarried participants. An education level of high school graduation or less was reported by 478 (32.5%) persons, while 994 (67.5%) reported a bachelor's degree or higher. An employee tenure of less than 5 years was reported by 468(31.8%) participants, a tenure of 5-9 years was reported by 383 (26.0%), and over 10 years by 621 (42.2%). Higher than median occupational stress was reported by 321 subjects (21.8%), while 1152 (78.2%) reported occupational stress levels lower than the standard median. The participants were tested with the following seasonal distribution: 300 (20.4%) participants in spring, 456 (31.0%) in summer, 150 (10.2%) in autumn, and 566 (38.5%) in winter (Table 1) .
Serum vitamin D levels of the subjects
A serum vitamin D deficiency (<10 ng/mL) was observed in 432 (29.3%) participants, while 1040 (70.7%) had serum vitamin D levels ≥10 ng/mL. Serum vitamin D deficiency showed a significant association with gender (P < .001), as it was found in 24.8% of males and 47.6% of females. Similarly, serum vitamin D deficiency was significantly less common in those who exercised ≥3 times per week (24.3%) than in those who exercised <3 times per week (32.2%) (P = .001). Serum vitamin D deficiency was significantly less common in current smokers (23.4%) than in former/never smokers (31.8%) (P = .001). Of high-risk drinkers, 22.9% exhibited serum vitamin D deficiency, which was significantly lower than the proportion in the normal drinking group (31.6%; P = .001). Serum vitamin D deficiency was found in 32.8% of unmarried participants and 26.2% of married subjects (P = .006). Serum vitamin D deficiency was found in 34.0% of participants tested in the spring, 12.3% of those tested in the summer, 22.0% of those tested in the autumn, and 42.6% of those tested in the winter; serum vitamin D deficiency was found to significantly more common in the winter group (P < .001). Age, body mass index, education level, employee tenure, and occupational stress did not show a significant difference in serum vitamin D deficiency distribution ( (Table 4) .
Differences in the overall PSQI score and in each item of the PSQI according to serum vitamin D levels
The mean total PSQI score of all participants was 3.97 ± 2.26. Subjects in the serum vitamin D deficiency group showed a mean PSQI score of 4.25 ± 2.37, while those with serum vitamin D levels ≥10 ng/mL averaged 3.85 ± 2.15 (P = .002). The mean scores for each PSQI component were as follows: subjective sleep quality was poorer in those with vitamin D deficiency (1.05 ± 0.63, vs. 0.96 ± 0.61 in the non-deficient group) (P = .020), sleep latency was poorer in those with vitamin D deficiency (0.84 ± 0.85, vs. 0.64 ± 0.75 in the non-deficient group) (P < .001), and the sleep duration score was poorer in those with vitamin D deficiency (1.10 ± 0.65, vs. 1.03 ± 0.62 in the non-deficient group) (P = .041). Significant differences in the mean score were not found 
Discussion
In this study, we investigated the prevalence of serum vitamin D deficiency and poor sleep conditions in fixed day indoor field workers in the manufacturing industry in Korea in order to obtain information regarding their general sleeping conditions and the relationship of vitamin D with sleep quality.
We found that the mean serum vitamin D level in participants was generally low (13.70 ng/mL), with lower levels found in females (11.31 ng/mL) than in males (14.29 ng/mL). This is lower than the mean serum vitamin D level of 17.38 ng/mL that was found in an analysis of KNHANES data (KNHANES 2010-2011) [3] . These results are also lower than those of another study investigating the association between vitamin D and occupational factors in Korean workers [34] , in which mean levels of 17.80 ng/mL in males and 15.60 ng/mL in females were reported. A possible explanation for the low vitamin D levels in the current study is that the sample of this study was daytime indoor workers who were more likely to have low exposure to sunlight than the general Korean working population. Unlike previous studies that found lower vitamin D levels in younger groups due to more time spent on indoor activities and the frequent use of sunscreen in that population [34, 35] , this study did not find a significant difference in vitamin D levels according to age. This may have been due to the narrow age range of the study subjects (19-39 years) . Other variables that were associated with significant differences in serum vitamin D levels were regular exercise, smoking habits, alcohol consumption habits, marital status, and testing season. Exercise is known to help the synthesis of vitamin D in the skin through ultraviolet radiation exposure [36] but this study did not investigate whether exercise incorporated outdoor activities. However, it can be assumed that the group that exercised 3 or more times a week had more opportunities for sunlight exposure, based on their higher serum vitamin D levels. Furthermore, smoking and alcohol consumption are known to affect parathyroid hormone, which controls the absorption of calcium [37, 38] , ultimately causing vitamin D deficiency. In this study, however, the smoking and drinking groups showed higher levels of serum vitamin D. This outcome most likely reflects the disparity in the sex of the subjects, with the majority being male [39] . Males were more common in the groups of current smokers and subjects who engaged in high-risk drinking. Serum vitamin D levels were found to be highest during the summer months (June-August), with a mean level of 16.87 ng/mL, and lowest in the winter (December-February), with a mean level of 11.54 ng/mL. This result is consistent with previous studies that reported lower serum vitamin D levels in the winter, since vitamin D synthesis in the skin depends on the amount of sunlight [5] .
The mean PSQI score of all subjects in this study was 3.97 ± 2.26, and poor sleep quality was found in 21.7% of respondents. A previous study on 263 paramedics working with Korea's 119 rescue service that used PSQI as a tool to measure sleep quality [40] reported that the mean PSQI score was 7.73, with 68.4% of respondents reporting poor sleep quality. Another study that similarly investigated 2818 electronics manufacturing industry workers [41] found a mean PSQI score of 5.95, with 50.1% of subjects experiencing poor sleep quality. The mean PSQI score and proportion of respondents with poor sleep quality in the current study were relatively low compared to previous studies. A possible explanation for such results is that in the design of this study, nighttime shifts and symptoms of depression were excluded as exogenous variables [41, 42] and did not affect the results.
Age, sex, marital status, education level, employee tenure, and occupational stress were adjusted for in the logistic regression analysis conducted to assess the correlation between vitamin D and sleep, and a significant association was found between serum vitamin D deficiency and poor sleep quality (OR = 1.33; 95% CI, 1.01-1.76). This result is dissimilar to those of previous studies that did not show significant correlations, such as a cohort study on the correlation between vitamin D deficiency and daytime sleepiness in United States sleep clinic patients [9] and a study of serum vitamin D levels and sleep conditions in pregnant women in Turkey [43] . It is difficult to generalize and compare these study results because both studies focused on specific considerations, such as a specific sleep disorder or specific research subjects such as pregnant women, and also were small-scale studies conducted on fewer than 100 subjects. However, a study on men over the age of 65 [44] was published in the Journal of Sleep. That study measured objective sleep duration and sleep effectiveness using wrist actigraphy and found that lower serum vitamin D levels were associated with shorter sleep duration and poorer sleep effectiveness, consistent with the findings of the present study.
The precise mechanism of vitamin D and its effect on sleep is still unclear, except that vitamin D is likely to play a major role in the brainstem, which controls sleep [19] . This hypothesis is supported by evidence of vitamin D receptors in parts of the brainstem such as the anterior and posterior hypothalamus, substantia nigra, midbrain central grey matter, raphe nuclei, and in the nucleus reticularis pontisoralis and caudalis. These regions are known to use pacemaker cells to execute important roles in the first stages of sleep and in maintaining sleep. Specifically, the hypothalamus and nucleus reticularis pontis suppress muscles that affect sleep, such as the bulbar and somatic musculature. Other effects of vitamin D on sleep were reported in Stumpf and Jennes' 1984 study [45] . In that study, vitamin D was found to be a broad-range steroid hormone. Like all steroid hormones, it is involved with the endocrine and autonomic nervous systems, and as such is closely associated with brainstem regions such as the medulla oblongata, pontine nuclei, and midbrain nuclei. The role of vitamin D in the endocrine and autonomic nervous systems could lead to wide-ranging effects on the cardiovascular system, digestive system, immune system, and sleep-wake cycle.
Other variables that showed significant associations with poor sleep quality in this study were marital status (OR = 1.51; 95% CI, 1.07-2.12), education level (OR = 1.38; 95% CI, 1.04-1.82), and occupational stress (OR = 1.84; 95% CI, 1.38-2.45). The results showing that marriage was associated with improved sleep quality were consistent with Soltani et al.'s study finding that stable marital life improved sleep quality in women [46] . This study found that those with a high school education or less had worse sleep quality, similarly to previous research that found that discrimination and stress within the job environment due to lower education levels could cause sleep disorders [47] . The current study found occupational stress to be the most significant variable associated with sleep quality, and a previous study conducted on nurses also found that 97% of those who experienced moderate or higher occupational stress levels had poor sleep quality [48] . The current study categorized occupational stress groups using the KOSS-SF total score median reference value. Further investigation into sub-factors that could influence sleep quality, such as the scope of job competency, decision-making authority, role conflict, and employee-superior conflict should be incorporated into future studies.
Serum vitamin D levels were associated with significant differences in the total PSQI score, subjective sleep quality, sleep latency, and sleep duration. A study of United States veterans and the effects of vitamin D supplementation on pain and sleep [49] similarly found that those with vitamin D deficiency had higher total PSQI scores than the normal group, as well as longer sleep latency and shorter sleep duration. Furthermore, that study found vitamin D supplementation to significantly improve sleep quality in terms of the total PSQI score, sleep latency, and sleep duration in both the vitamin D deficiency group and the group with normal vitamin D levels. Research in Korea, however, has mainly been focused on the relationship between vitamin D and sleep duration [23, 24] , making it difficult to identify the general effects of vitamin D on sleep in Koreans. Given this background, this study collected participants' sleep data using the PSQI in order to identify the various effects vitamin D has on sleep in addition to sleep duration.
This study identified a correlation between serum vitamin D and sleep quality, but encountered limitations in explaining the exact causal relationship due to the crosssectional design of the study. Furthermore, although structured surveys were used for data collection, they were self-report surveys that may have been biased, potentially influencing the research results. Additionally, the research subjects were identified as indoor workers in an electronics manufacturing workplace, but each worker's outdoor physical activities and their dietary habits, such as whether they took vitamin D supplements, could not be investigated. Despite these limitations, as a single-institution study, this study was conducted with the same examiners, facilities, and methods. Moreover, this study attempted to minimize the influence of outdoor activities on the results by limiting the subjects to indoor workers. The final limitation of this study is that the subjects were drawn from the working population, which makes it difficult to generalize the study results to the general population. These limitations will need to be addressed in future research.
Conclusions
Previous studies have found serum vitamin D levels to be critically low in Koreans compared to other countries [3] [4] [5] [6] , and have found a continuous increase in sleep-related disorders [19] . However, research into the relationship between serum vitamin D levels and sleep quality in Korean subjects has not been conducted. This study filled that gap by researching a large number of Korean workers and their serum vitamin D levels, and characterizing the associations of serum vitamin D levels with sleep. But, the statistical significance of relatively low serum vitamin D levels and sleep quality may be a limitation. Many factors influence sleep, and serum vitamin D deficiency cannot be the only factor that explains sleep quality. Even so, this study proved that serum vitamin D deficiency was associated with sleep quality, in addition to other factors. Based on these results, workplaces can manage sleep disorders through regular serum vitamin D deficiency examinations combined with appropriate care in order to more effectively prevent sleep disorders. Furthermore, it is necessary to conduct research on the effect of active serum vitamin D treatment on improving sleep symptoms in individuals with serum vitamin D deficiency and poor sleep quality. 
